Several affordable housing programs have been introduced by the government to achieve the objectives of several Malaysia Plans; however, the success of the housing programs has been reduced due to readily reported quality problems and defects. This research aims to identify the types of defects in affordable housing and determine what is causing the defects, so that solutions may be devised to raise the quality of housing stock in Malaysia. A questionnaire survey was distributed to 310 residents of affordable housing, located in four different regions in Klang Valley, Malaysia. The most commonly occurring defects in affordable housing are leaking pipes, total failure of water supply systems, cracking in concrete walls, faulty door knobs, and dampness to concrete walls. This suggests that improvements in workmanship, the use of superior materials, and changes to more customer-oriented supervision and monitoring may reduce the incidence of defects. Local conditions, such as heavy rainfall, may influence dampness, and may reduce the generalizability of findings to other areas with different weather patterns. The findings have been reported to the Construction Industry Development Board of Malaysia to improve the quality of affordable housing.
INTRODUCTION
The low cost housing has always been criticised for poor quality and defective outcomes (Elias, 2003; Abdellatif and Othman, 2006) . Rinker (2008) , in his report on affordable housing issues, pointed out that public housing projects have deteriorated badly due to a combination of hasty construction, poor design, and insufficient maintenance. Frequently, customers and end-users of lowincome building projects complain that their accommodation does not meet their expectations and are not designed to suit their requirements (Abdellatif and Othman, 2006) . Construction defects could be due to substandard construction strategies, faulty workmanship inside and outside the house, bad building materials, improper soil analysis, and preparation or poor drainage systems (Auchterlounie, 2009) . Construction defects could also be the result of improper design or installation deficiencies. One of the most common problems faced by house purchasers in Malaysia is the sub-standard construction of houses (Sufian and Abdul-Rahman, 2008) . Despite the Malaysian groups with emphasis on the development of low cost housing, there continues to be challenges in developing the housing sector (Ariffian et al., 2010) . The low cost housing provided did not meet the demands of the low-income groups. Many of these problems are related to the poor quality of workmanship and inadequate supervision during construction (Trevor, 2009) . Low-and middleincome housing has also been shown to suffer from a variety of defects in Malaysia. There has also been a widely-reported case where the residents from the Rista Villa apartments, in Taman Putra Perdana, complained that there were huge cracks appearing at the bottom of the apartment and the situation become worse with the completion of the South Klang Valley Expressway (SKVE).
A c c e p t e d M a n u s c r i p t
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Affordable housing was defined as appropriate housing units of which the construction is in accordance with standards comply with code of practice specially created for low cost houses as stated in CIS 1: 1998 and CIS 2:1998 which were publish by CIDB. Defined in the context of Malaysia, a low-cost house is a living unit with a selling price ranging from RM 25,000 to RM 42,000 based on the value of land developed. Affordable housing could be a terrace, detached house or flat with minimum design specifications of a built up area between 600-750 sq feet, with a living room, a dining area, a kitchen, a bathroom, three bedrooms, a washing and a drying area. Those eligible to own a unit under the low cost housing are those with a monthly household income ranging from RM750-RM1500. In some cases, houses may be rented out at a low monthly rate. Kuala Lumpur has the second highest proportion (18.2%), followed by Selangor (10.8%).
DEFECTS IN HOUSING
Several categories of defects in housing have been previously identified. According to Garrand (2001), defects in buildings and housing can be classified into a number of categories including defects in foundation and ground floor structures, external walls, roofs, internal walls and floors, above ground services, below ground drainage, and external works (Table 1) .
Many researchers and commentators have discussed the various causes of defective work in the construction industry. Based on their discussions and analyses, the causes of defective work can be classified into a smaller number of categories (Table 2) .
RESEARCH PROCEDURES AND ANALYSIS METHODS
A questionnaire survey was utilized in this research. There are two fundamental types of
questionnaire design: open-ended and close-ended (Lodico et al., 2010; Peterson, 1944) . In this research, close-ended questions were used to seek the most frequent types of defects that occurred in Analysis, e) Scale Index Analysis, f) Correlation, and g) Partial Correlation.
The numbers of respondents from each affordable housing area (Table 3 ) and the overall profile of the respondents (Table 4) were also recorded. A higher proportion of respondents were owners of their housing unit. Most respondent were female. Most of the respondents are more than 31 year old;
N o t C o p y e d i t e d
the highest numbers of respondents are more than 50 years old. This may be due to the distribution of questionnaires being conducted during the weekday during working hours; many middle-aged respondents would have been at work and unable to respond.
A significant proportion of respondents had lived in their housing units for 4-6 years. This is likely because residents from Taman Desa Ria and PPR Kampung Baru Air Panas, which are two of the affordable housing areas where the questionnaire was distributed, only started to move in only around six years before the research. 31.6% had residency lengths greater than 10 years; 29% had habitation periods of 1-3 years; only 2.9% had a length of residency of 7-10 years. 60% had, at the highest, secondary education; 27.4% of respondents had the highest level of education at the primary school level; only 9.4% of respondents had tertiary education.
Approximately 44% of respondents had a monthly family income between RM1001-1500. While 27 (8.9%) of them have monthly family income level less than RM500; 107 (35.3%) of respondents have monthly family income level between RM500 RM 1000 and lastly 36 (11.9%) numbers of respondents have monthly family income level more than RM1500. However, around 2.3% refused to provide their monthly family income level, possibly to protect their privacy. (Table 5 ) which is also an (Nunnally, 1978) . This is a method to test the internal removed. Furthermore, the last column in Table 5 with the purpose to determine variable to contribute to the overall alpha value. The removal of any one variable only causes minor differences to the overall and so all variables were retained.
ANALYSIS INTERPRETATION AND RESULTS

Reliability Test
Most Common Defects in Affordable Housing
Respondents were required to determine how frequently the listed defects occurred in their units according to the scales provided, to identify the type of defect that most frequently occur in low cost housing. The frequency for each type of defect, including their corresponding percentage, mean, standard deviation, and rank are tabulated in Table 6 . A total of 25 defects are rank from 1 to 25.
The most frequently occurring defect was leaking pipes (mean value at 2.59); around 16.1% of respondents acknowledged that this defect was very frequently a problem in their housing area. This includes both the piping internal to the unit in addition to the external piping system. The second most common defect reported by respondents was the total failure of water supply system (mean value of 2.48, slightly lower than for leaking pipes); 9.4% of participants claimed that the water supply to their housing unit failed very frequently.
Cracks in the external walls had the third highest mean and 24.2% of residents reported that this defect occurred very frequently. Moreover, this defect also has the highest standard deviation figure (SD = 1.21) of all the defects, representing significant volatility of opinion amongst respondents.
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Other significant defects included faulty door knobs (mean of 2.25) and dampness to concrete wall (mean of 1.94). These four defects have similar mean values, allowing us to claim that these are the most frequently observed defects in the construction of affordable housing in Klang Valley.
One Sample T-Test
One sample t-tests were utilised to identify whether the various defects occurred in affordable housing in Klang Valley defect is 2, the test value is set at 1.5 for occurrence of defects in low cost housing. The test value is set at 1.5 instead of 4 which the very frequent occurrence defect because it is not logic for a house unit to has all defects listed in questionnaire occur frequently as it is unsafe for a living space. Hence, this test is to examine defect that exist in low cost housing and among them identify the most frequent occurrence defects. The hypotheses are shown as follows:
H 0 : μ = 1 (This hypotheses represent that defect has never occur in low cost housing)
The output of one sample t-test is displayed in 
Categories for Each Type Defect
A scale index can be created using the mean value for each type of defect, based on the maximum and minimum mean values from the total of 25 defects. Each defect is classified by frequency of occurrence, using four scales:
scale index is shown in Eq. (1).
(5) respectively.
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The defects were rearranged according to their scale and categorized by frequency. The type of defect, with frequency and number; and percentage of defects for each category of frequency of occurrence are depicted in Tables 8 and 9 , respectively.
Twelve (48%) types of defects are almost never observed in Klang Valley, and this categorisation of infrequent occurrence contains the greatest proportion of defects, with mean values ranging from 1.16 to 1.52. These defects include all those relating to the roof (water staining, mould growth and decay on roof, deterioration of roof covering, and deformation and displacement of the roof) and the below ground drainage and external wall defects. This indicates the roofing and below ground drainage are less problem-prone than other elements of construction in affordable housing in Klang
Valley. Eight types of defects (32%) are considered to be rarely occurring, with mean values ranging from 1.52 to 1.88. These include internal staining, mould growth as well as fungal decay on external wall, inadequate resistance to the passage of sound, distortion and cracking of partition, uneven floor finishes, broken window knobs, faulty sanitary installation, faulty electrical fitting and leakage of water tank.
occurring defects, and consist primarily of defective problems relating to internal walls and flooring.
Cracking in external walls, total failure of water system, faulty doors and knobs, and leakage of pipes are all considered to occur very frequently. Interestingly, only one defect, dampness to concrete wall, is considered to occur frequently.
Correlation between Types of Defects
The presence of correlations between types of defects may present opportunities for rapid improvements in construction techniques. The correlation matrix between the most common defects A c c e p t e d M a n u s c r i p t
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found in low cost housing is presented in Table 10 . Positive coefficients indicate that both defects tend to be present; negative coefficients indicate that where one defect is present the other tends to be absent.
Three defects, the cracking in external walls, dampness of concrete walls, and leaking pipes, are all significantly correlated. There is a strong relationship between cracking in external walls and dampness to concrete wall (r = 0.575 and the correlation is significant at the 1% level). This may occur as water is able to penetrate between the cracks in the wall and cause dampness in concrete wall. There is also a strong correlation between dampness to concrete wall and the leakage of pipes (r = 0.535, significant at the 1% level). This is probably due to water from the leaking pipes collecting and consequently dampening the concrete walls. Leaking pipes are moderately correlated with cracking in external walls (r = 0.412, significant at the 1% level). These three defects are correlated and may be jointly caused as the piping systems may be laid in concrete walls; when a concrete wall cracks, or there is movement in the wall, the pipe laid in the wall may break, causing the release of water. The, total failure of water supply systems was weakly correlated with cracking in external walls, dampness to concrete walls, faulty door knobs.
Partial Correlation Matrix of Variables Controlling for Total Failure
Correlation tests only identify correlation between two variables and so partial correlation was used to further analyse relationships between greater numbers of variables. Partial correlation analysis is utilized to determine the relationship between three defects, by controlling a particular defect; it identifies the unique variance between two defects by eliminating the variance from a third defects.
Partial Correlation Matrix of the Variables, controlling for cracking in external wall
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By removing the variation associated with cracking in external walls, as illustrated in Table 11 , the results of correlation between two defects are compared with the correlation output in Table 10 . The correlation coefficients between dampness to concrete wall and leaking pipes decreases to r = 0.401, while remaining significant at the 1% level. This indicates that the correlation between these other defects is affected by the cracking of external walls. Careful construction of the external walls should therefore prevent leaking pipes and dampness in the concrete wall from occurring.
Correlations between other defects are not affected greatly by controlling for the cracking in external wall defect. Table 12 presents the partial correlation of the variables when controlling for the total failure of water supply systems. The correlation between dampness to concrete walls and cracking in external walls (r = 0.563), and the correlation between leaking pipes and dampness to concrete wall (r = 0.524), both remain high and significant at the 1% level. This indicates that relationships between the pairs of defects remain strong, irrespective of the failure of water supply systems.
Partial Correlation Matrix of the Variables, controlling for total failure of water supply system
Partial Correlation Matrix of the Variables, controlling for dampness to concrete wall
Generally, all the coefficient value for all variables has decreased when the dampness to concrete walls is controlled for (Table 13) ; this defect is significantly associated with other defects. Therefore, many other defects can be prevented by properly constructing damp-proofed concrete walls. The correlation coefficient between cracking in external walls and leaking pipes (r = 0.151, significant at the 1% level) is less strong than it is if the dampness to concrete walls is not controlled for (r = 
Partial Correlation Matrix of the Variables, controlling for faulty door knobs
It can be said that the correlations between defects are not markedly affected by controlling for faulty door knobs (Table 14) indicates that some coefficients increase while others decrease). This means that defective door knobs have little impact on other defects.
Partial Correlation Matrix of Variables, controlling for leakage of pipe
There is a clear correlation between cracking in external walls and dampness to concrete walls (Table   15 ), where the relationship decreases from a strong (r = 0.575) to moderate (r = 0.460) relationship when the leaking pipes are controlled for, while still significant at the 1% level. This is clearly seen in the correlation between cracking in external and dampness to concrete wall where the relationship between from decrease from strong to moderate with the p-value at less than 1% significant level relative to output of correlation. This result may occur as without leaking pipes inside the concrete walls, there will be no water flow through cracks in external walls, and therefore the dampness to the concrete will decrease. In other words, the defects of cracking in external walls and dampness to concrete walls will likely be strongly reduced through careful and proper installation of piping systems.
DISCUSSION ON FINDINGS
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With the increase in demand for housing, mainly due to high urbanization rates, there is an emphasis on the development of affordable housing solutions by the Malaysian Federal Government. Apart from providing adequate housing for low-income groups, the housing policy also emphasizes the significance of comprehensive settlement planning to achieve safe and decent living conditions. This is in line with the Eighth, Ninth, and Tenth Malaysian Plans, which have the objective of increasing the quality of affordable new and existing homes. Our research found that most participants identified defects that were similar to those identified through the literature review. Results from the questionnaire shows the most common defect occurring in affordable housing is leaking pipes.
Approximate 17% of low cost housing residents admitted that pipe leakage always happen in their housing unit and about 40% report that leakage of piping is a frequent problem for them. Another significant problem is the total failure of water supply system. This defect has created many inconveniences to residents; without water supply, many core household activities are simply not possible. Cracking in walls is a commonly occurring defect that occurs in almost all housing units, whether they are low-, medium-, or high-cost housing. It is undeniable that cracking in external walls is another common defect in affordable housing. While cracks are the third most frequently occurring defect in affordable housing, 75% revealed that this defect happens very frequently in their housing unit; this indicates that cracking of walls is a very widely spread problem, while the leaking pipes and water supply problems may be isolated to a smaller number of construction projects. Another two frequently occurring defects are dampness to concrete walls and faulty door knobs. Although these five defects are considered as the most frequent defects in low cost housing, dampness to concrete wall is found to be a defect that is described as a occurrence, while the others are attributed as occurrences. Thus, from the findings of questionnaire survey, it was proven that there is quality problem is faced by residents in affordable housing.
There are also significant correlations between the top five frequent defects. Moderate or strong correlations exist between the defects of cracks in external walls, leaking pipes, and dampness to concrete walls. This indicates that when one of the defects exists, it is likely that the others will occur simultaneously. This indicates that one of the defects is causing the other two, or that there is a fourth, unseen, influence that is possibly causing all three defects. It seems likely, however, that properly constructed external walls may prevent cracking of concrete walls and this may prevent the other defects from occurring, particularly leaking pipes.
The respondents are drawn from five different areas of affordable housing located in Klang Valley, two of which were constructed under the PPR affordable housing project. Some of the residences were completed about ten years ago, while some were completed less than five years ago. Residents from various affordable housing programs, covering different periods of habitation, were chosen as respondents because the research aims to collect information adequate to provide an overview of the problems with construction in Klang Valley, Malaysia.
Several crucial factors have been identified that may improve the quality of such affordable housing.
The first factor is to increase the ceiling, or selling price, of low cost housing, or to secure larger government subsidies. This can be considered as the main factor as other factors are also related to this factor. Due to construction cost pressures driven largely by a low ceiling price, many constructors may have opted for materials of low quality and employed unskilled labour to undertake work, which reduces their costs. Another cost-related issue is the land value in Klang Valley, which is higher than many other Malaysian states, as this causes otherwise identical low-cost developments to be higher-cost than in other states. Therefore, an increase of the ceiling price, improved government subsidies, or the presence of a greater weighting of subsidies for areas, like Klang Valley, with higher land costs, may improve the overall quality of affordable housing. Other efforts As most of the defects in affordable housing can be due to poor workmanship, employing more skilled workers may also improve the overall quality of construction. Many training sessions for laborers are provided by CIDB, with the aim of providing more skilled workers to the Malaysian construction industry. Thus, contractors may also send their laborers to attend these training sessions, improving the workers skills, and creating a higher-quality final product.
Leakage of Pipes
From the questionnaire findings, leaking pipes were identified as the most frequent defect in affordable housing in Klang Valley. This defect occurs in the both external and walls and wet areas, such as the kitchen and toilet. This is supported by Georgious et al. (1999) conclusions, reached in a study comparing defects found in constructions by owners and registered builders, which found that both categories led to plumbing defects as major defects. However, our finding is similar to the conclusions reached by Chew (2005) , which only focused on defects in the wet areas of buildings.
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Chew identified water leakage through pipe penetration to be the fourth most frequently occurring defect. The leakage of piping was identified as the most commonly occurring defect mainly due as affordable housing have piping systems above ground, rather than being underground; such construction simplifies later maintenance work, but exposes pipes to increased risk of damage over time. Therefore, pipe leakage occurs easily and is the most frequently occurring defect in affordable housing.
Total Failure of Water Supply System
The total failure of water supply systems was identified as being the second most common defect in affordable housing. This is supported by Kazaz and Birgonul (2005) , who determined that the water supply system is the most unsatisfactory product or service in high-rise and medium-density housing units. Most of the water supply systems in affordable housing in the Klang Valley operate with a pumping system, where the pump machine distributes water to each of the housing units in the block.
However, there is only one pump for each block; when the pumping system fails, the water supply for the whole block will cut off as there is no backup system to distribute water. This means that failures will be clustered, and reported by several residents in the block.
Cracking in External Wall
Generally, there are two main types of cracking in external walls. One type is caused by structural movements which usually cause cracks that mirror the horizontal and vertical planes of the mortar joints, often varying in width and running at oblique angles. Another type is cracking is caused by temperature changes. These are usually of uniform width and cut straight through materials at the weakest, or least restrained, part of the wall (Garrand, 2001 ). Our findings indicate that cracking in A c c e p t e d M a n u s c r i p t
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Journal (Georgious et al. 1999; Trotman, 1994; Georgious, 2010) .
Faulty Door Knobs
The fourth most frequently occurring defect in affordable housing that we identified is faulty door knobs. This is most likely due to substandard materials being utilized and poor workmanship.
Workmanship is usually identified as the first or second major source of defects (Georgious, 2010).
The present research differs from past research as the faulty door knob may be caused by poor workmanship or substandard materials.
Dampness to Concrete Wall
Traditionally, walls are protected from rainfall by overhanging eaves fitted with gutters and downpipes. Nevertheless, rain may still be blown onto the surface of the wall (Richardson, 2001 ) and can cause dampness to concrete wall. This is particularly problematic in Malaysia, as it is considered to have a heavy rainfall in comparison to many other countries. In this research, dampness to concrete walls was identified as one of the top five commonly occurring defects in affordable housing. This conclusion is supported by previous research (Trotman, 1994; Georgious et al., 1999) ; however, our ranking for the occurrence may be different and this is likely to be due to the fact that other countries have different rainfall patterns, and so dampness may occur less frequently than in
Malaysia.
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CONCLUSION AND RECOMMENDATIONS
The research is focused on affordable housing in the Klang Valley, Malaysia, where more than 70% of housing stock consists of units in affordable market segments. These include terraced houses, lowcost houses, and low-cost flats. They key findings are that the most commonly occurring defects in affordable housing are leaking pipes, total failure of water supply systems, cracking in concrete walls, dampness to concrete walls, and faulty door knobs. The first three of these defects are strongly correlated, suggesting a common underlying cause that may be readily identified and rectified. This may be the cracking of external walls, which affects the water pipes, causing leaks, and allowing this, plus rainfall, to cause increased dampness in the walls. We infer that the common causes of these defects may be poor workmanship, inferior materials, and poor supervision and monitoring routines. Increasing involvement of clients-oriented monitoring and supervision on the worksite may improve subcontractor performance, influencing the quality of the final job. This may be particularly pertinent to the construction of the external walls, given the relationship between defective construction of walls and the presence of other construction defects. These findings have been reported to the Construction Industry Development Board of Malaysia to improve the quality of affordable housing.
A number of areas which would be worth investigating further, as they may prove to be beneficial to the industry, have been identified. First, the study could be broadened to understand the defects in affordable housing over all of Malaysia, or the entire South East Asian region, particularly emphasising how housing quality can also be improved in rural areas. Second, defects could be compared in those low-cost projects constructed by the public and private sectors. Public sector Table 4 Social-demographic characteristics Frequency ( *. Correlation is significant at the 0.05 level (2-tailed). 
